ABSTRACT -Knowledge on the genetic diversity within and between genotype groups is of great importance for breeding programs. The purpose of this study was to estimate the genetic dissimilarity among 36 native jabuticaba trees (Plinia cauliflora) from five sites in the southwestern region of Paraná, Brazil. Sixteen fruit traits were analyzed, based on multivariate techniques (canonical variables, Tocher and UP-GMA), using Mahalanobis´ distance as dissimilarity measure. By the techniques of clustering and graphic dispersion, together with the comparison of means, the genetic diversity among native jabuticaba trees was efficiently identified, indicating a high potential of these genotypes for breeding programs. The traits of greatest importance for dissimilarity were percentage of pulp and of skin, which are easily measured. The clustering structure is related to the collection sites and for breeding programs, genotypes from different sites should be crossed to generate progenies to be tested. Genotypes 'CV5' and 'VT3' should be conserved in genebanks, due to its important agronomic traits.
INTRODUCTION
The Jabuticaba tree (Plinia sp.) belongs to the Myrtaceae family and is native to Central and Southeastern Brazil (MATTOS, 1983) . Its production potential, however, is great, due to the organoleptic fruit characteristics (BARROS et al., 1996) . Also, is interesting to food and pharmaceutical industries due to high leaf concentrations of essential oils (APEL et al., 2006) and anthocyanins in the fruit skin (TEIX-EIRA et al., 2008) . However, commercial orchards of this fruit tree are still scarce.
In the Southwestern region of Paraná, Brazil, there are forest remnants of the Forest with Araucaria, with a natural occurrence of P. cauliflora, one of the jabuticaba tree species. Nevertheless, the anthropogenic pressure in these areas is strong and, consequently, there is the risk of genetic erosion of the remaining populations.
In this sense, the estimation of genetic dissimilarity of native jabuticaba trees can be useful to establish strategies for in situ and ex situ conservation (JOLIVET; BERNASCONI, 2007; KUMAR et al., 2007) . It also provides information on available genetic resources, for the formation of genebanks, the orientation of crosses between the most dissimilar genotypes and detection of genotypes with the best agronomic traits (CRUZ et al., 2004; THUL et al., 2009) . But, even knowledge of reproductive mode of the jabuticaba tree must be improved.
The purpose of this study was to estimate the genetic dissimilarity among native jabuticaba trees in the Southwestern region of Paraná, Brazil, based on physicochemical fruit traits. Data generated by this study will contribute to jabuticaba tree breeding and cultivation on a commercial scale, which are still in an initial stage in Brazil.
MATERIALS AND METHODS
Fruits were collected from 36 adult jabuticaba trees of unknown age, at five sites (CH: 25°52'40"S, 52°36'40"W, 854 m asl; CV: 25°59'20"S, 52°42'05"W, 577 m asl; CL: 26°26'20"S, 52°19'15"W, 963 m asl; PB: 26°07'20"S, 52°39'15"W, 717 m asl; VT: 26°19'00"S, 52°46'45"W, 820 m asl), in the Southwest of Paraná, Brazil, in September and October 2007. Plants were located inside remnants of the Forest with Araucaria. Each plant was divided into four quadrants (North, South, East and West), and 25 fruits were collected per quadrant. The number of plants varied from two to nine, according to the availability of ripe fruit at the collect date. Furthermore, fruits were collected of plants distant from each other at least 20 meters.
Sixteen fruits traits were evaluated: weight, equatorial diameter and fruit composition (seed, pulp and skin), pH, total soluble solids (TSS), titratable acidity (TA) and the pulp ratio TSS/TA; anthocyanin and flavonoid contents in the fruit skin; number of seeds per fruit and mean seed weight; seedling emergence percentage, polyembryony percentage and speed of emergence (SE).
Fruit composition was determined based on total weight of the fruits, fruit skin and seeds, and the values were expressed in percentage. TSS of the pulp was measured with a digital refractometer and expressed in °Brix. TA was determined by titration and the values were expressed as grams of citric acid per 100 mL (INSTITUTO ADOLFO LUTZ, 1985) . Fruit skin samples were deep-frozen (-18°C) and the anthocyanin and flavonoid concentrations quantified, according to the method of Lees and Francis (1972) .
To assess the percentage of seedling emergence, polyembryony and SE, 12 seeds per plant quadrant were sown, immediately after their extraction, in 72-cell trays (100 cm 3 cells), containing Plantmax ® substrate, one seed per cell. Seedlings were counted every five days, from the beginning of emergence (35 days after sowing) until 95 days after sowing. The SE was calculated by dividing the number of emerged seedlings by the number of days from the date of sowing until emergence. The sum of the values for each date was considered the SE. On the 95 th day after sowing, the final percentage of emergence and polyembryony rate (percentage of seeds that originated more than one plant) were evaluated.
The data were subjected to analysis of variance, in a completely randomized design with four replications, and means compared by the Scott-Knott (P ≤ 0.05). The values of percentage of emergence were transformed by √x and percentage polyembryony by √x + 0,5. These tests were performed using software Genes (CRUZ, 2006a) .
The 16 fruit traits were also used to estimate the genetic dissimilarity among jabuticaba trees. For this purpose the genetic dissimilarity matrix was constructed, using Mahalanobis´ distance as dissimilarity measure. Based on this matrix and the UPGMA clustering method (Unweighted Pair Group Method with Arithmetic Averages) (SNEATH and SOKAL, 1973) , a dendrogram was drawn and the cophenetic correlation coefficient obtained, using the software NTSYS (ROHLF, 2000) . The methods of canonical variables and optimization procedure for the cluster formation were also applied. It was also applied modified Tocher clustering method, developed by Vasconcelos et al. (2007) . The relative importance of traits for the genetic dissimilarity (SINGH, 1981) was also estimated. These tests were performed using Genes software (CRUZ, 2006b) .
RESULTS AND DISCUSSION
For the physical fruit traits it was found that the weight (10.7 g) and diameter (25.6 mm) of genotype 'VT3' were significantly higher than all other genotypes. Furthermore, it had the lowest seed content (3.2%), not differing only from 'CL3' (3.6%). All genotypes from 'VT' and 'CV' also stood out with higher pulp yield (> 56.8%), with the exception of 'CV7' (55.2%) ( Table 1) . Genotypes with these traits may be appropriate for fresh consumption and for juice and frozen pulp production, due to its great industrial efficiency. These values are higher than those found by Jesus et al. (2004) in four groups of jabuticaba trees from Jaboticabal, São Paulo, Brazil, with up to 38% of pulp yield. Genotypes in 'CH' and 'CL' had the highest percentage of fruit skin (Table  1) . In this case, the higher yield of fruit skin can be exploited in the industry for the production of jelly and fermented beverages. Probably, the shelf life of this kind of fruit is larger, because, according to Pereira et al. (2000) , the firmness of jabuticaba with a thicker skin is greater.
Regarding chemical fruit traits plant 'CV5' stood out with total soluble solids (TSS) of 17.3 °Brix, which is significantly higher than in the other genotypes. Sweeter fruits are preferred by consumers and result in lower operational costs in industry. However, this can also result in a lower postharvest storage capacity, due to faster fermentation (BAR-ROS et al., 1996) . Titratable acidity (TA) was lower in fruits of the 'CV' genotypes, compared to the others, with values of 0.25 -0.37 g of citric acid per 100 g of pulp. These values are lower than those found by Pereira et al. (2000) , in fruits of eight genotypes of three jabuticaba species in Viçosa, Minas Gerais, and by Oliveira et al. (2003) , for fruits of 'Sabara' jabuticaba (Plinia jaboticaba), from 10 different cultivation regions in the state of São Paulo, Brazil. Consequently, the TSS/TA ratio of the 'CV' genotypes was significantly higher than for genotypes from the other sites.
Anthocyanin and flavonoid content in fruit skin ranged from 367 -1420 and 196 -571 mg 100 g -1 , respectively. In general, the anthocyanin and flavonoid content was significantly higher in fruits of the genotypes 'CV' and 'VT', and in 'CH2', and lower in 'CL' and 'CH' plants. The jabuticaba fruit skin, of the studied genotypes, is rich in anthocyanins and flavonoids. The contents of those components are higher than in many other fruits containing considerable amounts of these compounds, such as açaí tree -Euterpe oleracea (POZO-INSFRAN et al., 2004) and Surinam cherry -Eugenia uniflora (LIMA et al., 2002) . A growing interest in the use of anthocyanins and flavonoids is currently observed in the cosmetic industry because of the anti-aging effect (ARCT et al., 2002) , in the food industry as natural coloring (GIUSTI et al., 1998) and in the pharmaceutical industry, as a disease prevention, e.g., cancer (KAMEI et al., 1995) . Therefore, these genotypes are promising sources of compounds with antioxidant properties and their cultivation should be encouraged.
The number of seeds was significantly greater for some genotypes from the 'CL' site ('CL2', 'CL4', 'CL7', 'CL8', 'and CL10'), while the seed weight was lower. The percentage of seedling emergence was higher (over 83%) in the 'CL4', 'CL5', ' PB3' and 'PB4' genotypes and all from the 'CV' site (except for 'CV4' and 'CV8'). Andrade and Martins (2003) detected variability in the germination percentage between three different jabuticaba genotypes, grown in Jaboticabal, São Paulo, ranging from 41 to 58%. In this experiment, the variability was even greater, since emergence ranged from 10.5 to 95.8%. The SE was significantly higher for the 'PB3' and 'CV5' genotypes, which were faster in plant emergence (Table 1) . These traits are important for seedling development, either for a commercial purpose or for breeding. However, it is necessary to observe that the number of seeds used in this study was low and the results should be used carefully.
Regarding polyembryony, the percentage was significantly higher (75.1%) for 'CL2' than for all the other genotypes. In polyembryonic seeds, there is usually a zygotic embryo formed by fertilization, and one or more asexual embryos, which produce plants that are clones of the mother plant. This process has an enormous potential for genetic improvement by clonal propagation of superior genotypes using seeds. However, to date this potential is little known and exploited (KOLTUNOW; GROSSNIKLAUS, 2003) . A technique for an early differentiation of the zygotic from the non-zygotic plants must be developed for jabuticaba tree.
There was wide variation among genotypes for all traits, mainly among genotypes from different sites, indicating sufficient genetic variability for the selection of superior genotypes with potential to breeding.
The degree of genetic dissimilarity between GENETIC DISSIMILARITY AMONG JABUTICABA TREES... genotype pairs was highest for 'CV5' and 'CL8' (D 2 = 660), indicating that these genotypes were the most divergent. The dissimilarity was lowest between 'CL1' and 'CL5' (D 2 = 7), which are the most similar. Besides, by averaging the distances, 'CV5' (D 2 = 370), 'CV1' (D 2 = 329), 'CV2' (D 2 = 299), 'CV9' (D 2 = 285), 'CV6' (D 2 = 282) and 'VT3' (D 2 = 253) had higher dissimilarity with the other genotypes. The mean distances between genotypes within a site showed that the higher dissimilarity was among 'CV' (D 2 = 60) and 'VT' (D 2 = 89) genotypes. Therefore, genetic distance is greater among plants at different sites than among plants of the same site. However, it is noteworthy that some genotypes had high values of dissimilarity, as in the case of 'VT3' compared to the other genotypes of the 'VT' site (Data not showed).
The traits of fruit skin and fruit pulp percentage accounted for 93.5% of the genetic dissimilarity between the genotypes (Table 2 ). It should be noted that these traits are easily measured by separation and weighing, and are also commercially important traits, particularly in relation to pulp yield.
Although the modified Tocher clustering method formed four groups, and was observed that 90% or 32 out of 36 genotypes were grouped with others of the same site of occurrence. It was also noted that the genotype 'VT3' was not grouped with any other genotype, by either method (Table  3 ). This indicates a high genetic dissimilarity of this genotype in relation to the others, including those from the same site of occurrence. The original Tocher method clusters the groups simultaneously, based on a single reference value. By the modified Tocher method, developed by Vasconcelos et al. (2007) , the groups are formed sequentially, and a new threshold value is established after the formation of each new group. Moreover, by this method, there is no influence of grouped genotypes on the new grouping. Thus, the number of groups formed is smaller and the clustering of genotypes with high dissimilarity with greater efficiency compared to the original Tocher method.
Each canonical variable is a linear combination of original variables analyzed and the first two canonical variables must involve more than 80% of the total variance of the genotypes (CRUZ et al., 2004) . For this purpose the traits fruit diameter, TSS/TA, polyembryony percentage, and SE were considered redundant and had to be excluded. By the exclusion, the cumulative percentage of variance for the first two canonical variables increased from 73.5% to 80.1%. The remaining 12 traits were therefore used for a two-dimensional graphical representation of the canonical variables.
The graph shows the formation of four groups, which are associated with the location of the genotypes at the different sites of occurrence. One cluster was formed by genotypes 1 to 8, including all genotypes from the 'CH' site; another grouped genotypes 9 to 17, consisting of all genotypes from 'CV'; a group formed by the genotypes 18 to 28 representing all genotypes from 'CL' and 'PB', and one cluster containing the genotypes 29 to 36, corresponding to all genotypes of 'VT' (Figure 1) .
The dendrogram showed the formation of six clusters, grouping mainly genotypes from the same site of occurrence. The first group consisted of all genotypes from the 'CH' site; the second group contained all genotypes from 'VT', with the exception of 'VT3' and 'VT4'; the third group consisted of all genotypes from the 'CL' site; the fourth group was formed by the genotypes 'PB3', 'PB4' and 'VT4'; the fifth group contained only genotype 'VT3'; and the sixth group the remaining genotypes from the 'CV' site ( Figure 2 ). The value of the cophenetic correlation coefficient (r = 0.84) was well adjusted to the graph of distances and the original dissimilarity matrix (ROHLF, 2000) , allowing reliable inferences based on a visual examination of the dendrogram.
The different methods of assessing genetic dissimilarity grouped the jabuticaba genotypes similarly, related to the different sites of occurrence. This shows that the geographic isolation allowed the evolution of genotypes and formation of families that share the same gene pool, with specific traits at the places of occurrence. Contrarily, Araújo et al. (2008) , evaluated the genetic similarity between wild Passiflora cincinnata genotypes, based on phenotypic traits, and found that only 25% of the genotypes were grouped according to the origin. This was due to the fact that the specie had been dispersed to these sites through by human influence. Therefore, crosses between genotypes from different sites, since they are more divergent genotypes, the greater could be the effect of heterosis in the resulting progeny, increasing the probability of obtaining superior genotypes (TEKLE-WOLD; BECKER, 2006) .
In this study, the genotypes of the 'CV' and 'VT' sites where noteworthy, particularly the 'CV5' and 'VT3', whose agronomic traits were superior and had high genetic dissimilarity. These two genotypes should be tested in experimental cultivation, beginning with the seedling production by vegetative propagation. Moreover, these genotypes can be used in breeding programs through crossings with any other genotypes. Genotypes  I  CL1, CL5, CL4, CL10, CL6, CL7, CL8, CL3, CL2, VT4, PB4   II  CV1, CV3, CV7, CV2, CV9, CV4, CV8, CV6, CV5, VT9, VT1,  VT7, VT6, VT8, VT10, CH2, CH8, CH3, CH5, CH6, CH7, CH1  III  CH4, PB3  IV  VT3  Limit of clustering 126.3; 201.3; and 283.3 CONCLUSIONS 1-There is genetic variability among jabuticaba tree (Plinia cauliflora) genotypes for all analyzed traits.
2-The clustering structure is related to the collection sites. In general, genotypes from different sites are more divergent than genotypes from the same site. For breeding programs, genotypes from different sites should be crossed to generate progenies to be tested.
3-The genotypes 'CV5' and 'VT3' should be conserved in genebanks, due to their important agronomic traits.
